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Abstract 

China is a country mainly based on thermal power. 
Coal-fired power plants account for about 80% of total power 
generation capacity each year. It will inevitably lead to a 
large amount of pollutant emissions with coal combustion. 
Therefore, it is particularly important in the promotion of 
IGCC technology. On the basis of the power plant used by 
IGCC technology and through the use of development 
methodology, it can be carried out a research into the 
environmental benefit and economic benefit. The purpose is 
to comprehend the superiority of IGCC to provide better 
technical reference technology on energy conservation and 
emissions reduction in electric power industry. According to 
the calculation of 250MW IGCC plant, it can save 227,763 
tons of coal, and 464,035 tons of CO2 emission per year. IGCC 
power plant on the environmental and economic benefits is 
essential to the future development of electric power 
industry. 
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Introduction 

Coal is China's most important traditional energy. The 
basic characteristic of China's energy constitute is rich 
coal, lean oil, less gas. If we convert all kinds of 
resources into standard coal, coal resources accounts 
for more than 85% of the total reserves'^. At the same 
time, China is mainly depend on coal-fired power, 
thermal power generation accounts for over 80% of the 
total generating capacity each year, the application of a 
large number of coal resources in China results in the 
greenhouse gas emissions seriously. In answer to the 
call of national energy conservation and emission 
reduction, and ensure the effective implementation of 
the sustainable development strategy, developing 
advanced science and technology is particularly 
important in the use of coal efficiently and reduction of 



greenhouse gas emissions and integrated gasification 
combined cycle (IGCC) power generation technology 
has the epoch-making significance. But IGCC 
technology in China is on the initial stage with a lot of 
uncertainty. This topic is bassed on IGCC technology 
using independent research of CO2 reduction 
calculation methodology to the project reducing the 
emissions of CO2 calculation. At the same time, further 
carry on the environmental benefit and economic 
benefit. Through this research, it can be directly seen 
the change in the environmental benefit and energy 
saving in using IGCC power plant technology. Further 
research and vigorously promotion on the IGCC 
technology will be taking profound significance in the 
future. 

The Development of a Baseline Methodology 

The calculation methodology of carbon dioxide 
emission reductions for IGCC technology include the 
power supply part of the calculation of the CO2 
emission reductions and the heating part of the 
calculation of the CO2 emission reductions pi, hereby, 
we introduce respectively: 

Power Supply Part of the Development of the 
Methodology 

1) The Calculation of the Emissions of the Project 

CO2 emissions from the burning of fossil fuels 
using power plant project with IGCC technology 
used in the power generation process of should be 
calculated using the following formula: 



PE. 



ZFF Le xNCV Ue 



x EF. 



FF,ge,C0 2 



1) 



Wherein: PE e : the amount of CO2 emissions from 
the burning of fossil fuels in the power supply 
project ( tC0 2 ); FFi, e '■ Project activity power 
supply with the total amount of the i-type fuel 
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(kg or m 3 ); NCV ie : Units of the i-type fuel net 

calorific value ( GJ /kg or GJ /m 3 ); EF FFgeC0 ^ : 

CO2 emissions factor of Project activities powered 
tuel(tC0 2 /GJ ). 

2) The Calculation of Emissions of the Baseline 

CO2 emissions calculation of the baseline project 
based on electricity generated by fossil fuel in 
power plants using by the major fossil fuel type 
( EG P j m ) multiplied by the baseline CO2 emission 

factor ( EF BL e co ), the formula is as follows: 



BE e - EG PJ m x EF BL e COi 



2) 



And 



EG PJim = EG PJ x 



Y(FC p -NCV p ) 



Y,{FC p -NCV p ) + Y,(FC q -NCV q ) 



3) 



Wherein: BE £ : Baseline emissions in power supply 
( tC0 2 ); EGpj m : Grid electricity of the project 
activities, mainly from burning fossil fuels (MWh ); 
EF BL e co ^ : Powered baseline CO2 emission factor 

(tC0 2 /MWh ); EG P j :Gross generating capacity in 
power plant project (MWh); FC p : Power supply 
with total amount consumption of the P class fossil 
in power plant project (kg or m 3 ); NCV p : Average 
net calorific value of P class fossil fuel in power 
plant by the project (GJ /kg orGj/m 3 ); FC q : The 
amount of Q class fossil fuels consumed by the 
project activity power( kg or m 3 ); NCV q : Power 
supply with q class fossil fuel average net calorific 
value in power plant project (GJ /kg or GJ /m 3 ); 
p : Main fuel types of fossil fuels in power plant 
project; q : Yhe type of fossil fuel as an auxiliary or 
startup phase used in power plants project. 



FF BLeX0 - 3.6 



MIN(EF l 



'EF FF co ) 



FF,«L.e,C0 2 ' FF,e,CO- 



4) 



Wherein : EF BL e co ^ : CO2 emission factor on 

baseline ( tC0 2 /MWh ); EF FF BL e COi : The CO2 

emission factors of power supply with fossil fuel 
( tC0 2 /GJ )which most likely to be identified as 



baseline scenario; EF F 



Identified fossil fuel 



CO2 emission factors ( tC0 2 / GJ ) of the supply of 



project activities; rj BL e : Energy efficiency of power 

generation technology of baseline scenario, 
3.6 :The conversion factor from GJ to MWh . 

The Development Methodology of Heating Part 
1) The Calculation of the Emissions of the Project 
Calculation the cogeneration project as follows: 

HG P 



P = 



'PJ,m 



EG PJtm x3.6 



-xl00% 



5) 



Wherein: f5 : Ratio of heat to electricity; HG PJ m : 
Heating quantity of thermal power plants 
throughout the year( GJ ); EG PJ :On-grid energy 

generated by burned fossil fuel in project ( MWh ). 
Fossil fuel consumption is calculated as follows: 

T FF i= HG pj,J( T l h xNCV i ) 6) 

Wherein: FF i ; Heat supply with the total amount 

of the i-type fuel in the project( kg or m 3 ); NCV^. 
unit net calorific value of i fuel 
(GJ /kg or GJ I m 3 );T] h : Heating efficiency. 

Based on IGCC technology, the heating part uses 
the the excluded waste heat in power generation 
process to heat the users, therefore, the CO2 
emissions is zero in the heating process of the 
project. 

2) The Calculation of Baseline Emissions 

The heating portion of the baseline scenario should 
be divided into two situations: the fossil fuel 
combustion scenario reference line and the electric 
heating scenario baseline. Hereby develop baseline 
methodology aiming at heating part in several 
cases . 

A, Fossil fuel combustion scenario reference line 

BE h = FF BLh x EF BLh C0i 7) 

Wherein: BE h : The emissions in baseline heating 
process (tC0 2 ); FF BLh : The amount of fossil fuel 
consumed by heating in the project ( kg or m 3 ); 
EF BLh C0i : The CO2 emissions factor in baseline 
heating using fossil fuel ( tC0 2 /TJ ); 

B , The electric heating scenario reference line 



BE,, 



HG„ 



3-6x77 Bi „ 



-xEF. 
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Wherein: BE h : The emissions in baseline heating 
process ( tC0 2 ); HG PJ m : Thermal power plant 
heating 

quantity all the year round ( GJ ); rj BL h : The 

thermal efficiency of using electric heating mode 
without the project; EF e co : Grid emission factor, 

selected by regional power grid line emission factor 
according to the National Development and Reform 
Commission(NDRC) ( tC0 2 1 MWh ). 

Participants in the project should use the following 
formula to calculate the emission reductions: 

ER = BE e + BE h - PE e 9) 

Wherein: ER : Project emission reductions 

(tC0 2 );BE e :Baseline emissions in supply process 
(tC0 2 ); BE h :Baseline emissions in heating process 
( tC0 2 ); PE e :Project emissions in supply process 
(tC0 2 ). 

IGCC Power Plant C02 Emission Reduction 
Calculation 

The Determination of Project Baseline 

Power supply part of the baseline: construct 
conventional power plant and use coal as basic raw 
materials for power generation. 

Heating part of the baseline^: construct conventional 
heating plant and use coal as basic raw materials for 
heating generation. 

Introductiong of IGCC Project 

We introduce the basic parameters of the project in 
order to calculate CO2 emission reductions of the 
power plant!*] r shown in Table 1 at the bottom. 

Calculation ofCOl Emission Reduction 

TABLE 2 CALCULATION OF CO2 EMISSION REDUCTIONS ANNUALLY (UNIT: 

TCO2) 



C02 

emissions 


Baseline 
emissions 


Project 
emissions 


Leakage 


Emission 
reductions 


Power 
partM 


1,083,429 


860,269 





223,160 


Heating 
part 


240,875 








240,875 


Total 


1,324,304 


860,269 





464,035 



According to the data of the project, carbon dioxide 
emission reductions of the project can be calculated if 
we follow the formula above. Pointed out the IGCC 
power plant using waste heat generated in the power 
generation process for heating, therefore we do not 
consider carbon emissions produced by the power 
plant in heating parti 5 ', detailed data table is shown in 
Table 2. 

IGCC Power Plant Environmental Benefits 
and Economic Benefits 

IGCC Power Plant Environmental Benefits 

According to the data of 250 MW IGCC power plants, 
it can be calculated IGCC power plant save 227,763 
tons coal per year, at the same time, according to saved 
coal, we can calculate the emissions reductions of SCh, 
NOx and smoke of IGCC power plant every year 
through the material scale algorithm, detailed data is 
shown in table 3. 

TABLE 3 REDUCTION CALCULATION SHEET OF PROJECT POLLUTIONS 
(UNIT: T) 



Pollutant 


Baseline 
emissions 


Project 
emissions 


Leakage 


Emission 
reductions 


SCW 8 ! 


634.1 


25.46 





608.6 


NOx 


4,143.7 


2,496.1 





1,647.6 


Smoke 


190.3 








190.3 



Economic Benefits Study of IGCC Power Plant 

According to the data report, we can see the economic 
parameters of the project and detailed data is in the 
table 4. 

TABLE 4 PROJECT ECONOMIC PARAMETERS 



Parameters 


Unit 


Amount 


Source 


Total 
Investment 


One hundred 
million yuan 


25 


Project owners 
statistics 


Equipment 
life time 


Year 


25 


Project owners 
statistics 


O & M cost 


One million 
yuan/year 


249 


Project owners 
statistics 


CERS Pricel I(| l 


SUS/tCOz 


7 


China CDM 
information 


Years of 
economic 


One million 
yuan/year 


800 


Project owners 
statistics 



According the data provided in table 4, whether with 
credit emission reductions (CERs) revenue or not, 
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internal rate of return (IRR) can be calculated in the 
service life of the equipment! 91 , detailed data is in table 
5. 



TABLE 5 COMPARISION OF FINANCIAL INDICATOR IRR WITH AND 
WITHOUT CERS REVENUE 



Parameters 


Unit 


Without 
CERS 


With CERS 


3enchmark 
IRR 


IRR 


% 


15.59 


16.32 


12 



During the period of running project, electricity and 
revenue are likely to change as the rising prices and 
energy shortages [n] . Costs will increase because the 
system needs more maintenance with more usage rate, 
so set the revenue and the total cost of the project to 
the uncertain factor and sensitivity analysis was 
carried out on the project IRR. Sensitive data is in the 
table 6 and sensitivity analysis diagram is seen in 
Figure 1. 



TABLE 6 SENSITIVITY ANALYSIS 



Range of 
variation 


-10% 


-5% 





5% 


10% 


Total static 
investment 


17.30% 


16.55% 


15.59% 


15.00% 


14.23% 


General 
income 


13.12% 


14.34% 


15.59% 


16.68% 


17.43% 


Total 
maintenance 
cost 


16.12% 


16.00% 


15.59% 


15.21% 


14.87% 



IRR SENSITIVITY ANALYSIS 













♦ Total static 
investment 




—■—General income 




—•—Total maintenance 







-10% -5% 5% 10% 

Range of variation 

FIG. 1 SENSITIVITY ANALYSIS 

The analysis! 12 ! shows that IGCC project compared 
with traditional coal-fired power plant, 227763 tons of 
coal was saved every year. Through economic analysis 
of project [14] , it can be seen obviously that its IRR is 
15.59% without considering carbon trading and IRR is 
16.32% considering the international carbon trading, 
were both higher than benchmark internal rate of 



return whose IRR is 12%. Thus the project has great 
economic benefits in all respects [13] . 

Summarizes 

China vigorously advocates energy conservation and 
emission reduction and green travel. However, coal is 
important basic energy in China and the basic 
characteristics of China's energy resources is less gas, 
lean oil, rich in coal. Coal resource is more than 85% of 
the total reserves. Fossil fuels are mainly composed of 
coal in electric power industry. So vigorously develop 
new energy-efficient coal-fired power plants is 
particularly significant. This thesis is aimed at the 
advanced coal-fired power generation technology, 
namely the IGCC technology to discuss environmental 
benefits and economic benefits and use the 
development methodology to calculate carbon 
emission reduction as well as other pollutants by the 
heating portion of the IGCC plant! 15 !. According to the 
calculation of 250MW IGCC plant, it can save 227,763 
tons of coal, 464,035 tons of CCh emission, 608.6 tons of 
SCh emissions, 1,647.6 tons of NOx emission and 190.3 
tons [1 °! of soot emissions per year. At the same time 
through analysis of the internal rate of return and the 
sensitivity analysis, IGCC has a strong economic 
attraction whose IRR is 16.32% in case of containing 
the environmental benefits. It can be seen that 
outstanding performance of IGCC power plant on the 
environmental and economic benefits is essential and 
advanced technology to the future development of 
electric power industry. 
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Parameter 


Unit 


Value 


Source 


Project installed capacity 


MW 


250 


Project owners report 


Project power generation efficiency 


% 


48 


Project owners report 


Project running time 


h 


5000 


Project owners report 


Power generation efficiency of the baseline 


/o 


35 


Statistical data 


The project generation owner-occupied rate 


/o 


3 


Project owners report 


Project desulfurization efficiency 


o/ 


99 


Project owners report 


Project collection efficiency 


% 


100 


Project owners report 


Bituminous coal calorific value 


GJ/Kg 


0.02717 


IPCC default values 


Project heat-to-electric ratio 


% 


35 


Heating network design 
specification 
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